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2,599,067 
PRODUCTION OF AMMONIUM SULFATE 
Crl Otto, Mnhsset, N. Y. 
Application Mreh 15, 1948, Seril No. 14,902 
In Great Britin Deeember 17, 1947 
!9 ClaireS. (CI. 23--i19) 
The general object oï the present invention 
is to provide an improved method oL and im- 
proved apparatus for producing crystalline 
monium su!lphate and sulphuric acid fo thereby 
other distfllation gas containing ammonia !nto 
scrubbing contact with liquor containing 
monia sulphate and sulphuric acid to thereby 
increase the ammonium sulphatecontent of. the 
liquor, and thereafter crystallizing  ammonium 
sulphate from the liquor. 
A major object of the invention is to provide 
a method and apparatus for producing sulphate 
of ammonia which are substantially free from 
practically important disadvantageous charac- 
teristics oï the methods and apparatus-hereto- 
ïore commercially .used in this country in con- 
verting the ammonia content of coke oven 
into sulphate of ammonia.- 
In converting ammonia in coke 0ven gas into 
ammonium sulphate by the method in mostgen- 
eral use in this country, now and. in th past, 
the gas is injected into a body of bathJ!iquor 
containing saturated ammonium sulphate solu- 
tion and sulphuric acid which is held in th 
lower portion of a saturator of .the..ïcracker 
pipe," or submerged gas inlet orifice type. A 
saturator of the "cracker pipe" type .comprises 
a gas space above the liquor bath and into which 
the gas bubbles up out of the liqu0r bath into 
which it has been injected, and necessarfly 30 
operates with a gas pressure drop. A desirable 
ïorm of that type" of saturator, having greater 
capacity per unit of bulk, and operating with 
a smaller gas pressure drop than prior "cracker 
pipe" type saturators, is shown in my prior Pat- 35 
ent 2,424,206 of July 15, 1947. 
The use of a saturator of the-"cracker pipe" 
type in the production of ammonium sulphate, 
has practically important disadvantages. For 
one thing, if is practically essential that even-40 
the most efficient saturator of the "crcker pipe" 
type should be of. relatively large bulk, and in- 
herently expensive fo construct, maintain and 
operate. Furthermore, the gas pressure drop in 
such a saturator under normal operating con- 45 
ditions must be large enough fo significantly in- 
c1"ease the required capacity and' operating cost 
of the machinery employed to "more the gas 
through the saturator. Moreover, in the ope.ra- 
tion oï a saturator of the "cracker pipe" type; 50 
solid ammonium sulphate deposits on and ad- 
heres fo the "cracker pipe" and the infernal sur- 
face of the saturator wall. The elimination of 
such deposits, commonly called rock  sali, is 
troublesome and expensive and customarily 're  -55 

2 
quires a periodical bath killing operation. W.ach 
. bth killing operation involves the replaeement 
or substantial dilution of all or a substantial 
portion of the bath liquor in the saturator, by 
 water which dissolves the rock salt. 
Aside from the above-described method of us- 
ing the "crcker type" saturator, the only prior 
method of converting the ammonia content of 
coke oven gas into ammonium sulphate in com- 
10 mercial use in this country, is a method de- 
scribed by W. Tiddy in the periodical "Blast 
Furnace and Steel Plant" for December 1941. 
In that method, the ammonia is scrubbed out 
the gas in a scrubbing column containing a stack 
of grids, usually tfles, over and through the 
spaces in which liquor containing unsaturated 
ammonium sulphate and free sulphuric acid 
components, flows downwardly while th 
scrubbed flows upwardly. The amount .of 
monia absorbed by the stream of liquoç fl0wing " 
down past the grids must be kept too small to 
supersaturate the ammonium sulphate solution in 
said streams as such supersaturation would re-. 
sult in rock salt deposits in the grid stack, clog- 
ging the latter and increasing the gas. pressure 
drop in the scrubber. 
The bath liquor which flow away from the 
grid stack, is passed from the lower end of the 
scrubbing column to crystallizing apparatus 
comprising a crystallizing tank and an elevated 
evaporator operating under a vacuum. Liquor is 
pumped into the evaporator from the crystalliz- 
ing tank. Vaporization in the evaporator elim- 
inates some water from the liquor and lowers 
the liquor temperature and thereby supersat- 
urates the unevaporated portion of the liquor. 
Supersaturated liquor is returned through 
barometric column Connection to the crystalliz- 
ing tank in which it is. desupersaturated as 
result of the formation and growth of. ammo- 
nium sulphate crystals in said tank. The 
pressure drop in the scrubbing columr used. in 
the second method may be substantially lower 
than the pressure drop in the "cracker pipe,, 
saturator, but that advantage is. attended by 
some disadvantages including, in particular, the- 
need for the use 0f a vacuum evaporator. " 
In acc.ordance with the present invention, I 
flrst produce supersaturated ammonium sulphate 
by spraying flnely divided liquor containing sul- 
phuric acid and ammonium sulphae into 
substantially unobstructed scrubbing space r 
chamber through whih a stream of coke oven 
gas containing ammonia is flowing, wheebY the 
ammonia and acid react fo form the additional 
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ammonum sulphate to supersaturate the am- 
monium sulphate liquor sprayed into said space. 
Ordinarily, the ammonium sulphate liquor 
sprayed into the scrubbing space is saturated, 
though it is theoretically possible to bave the 
entering spray liquor unsaturated or supersat- 
urated. The spray liquor supersaturated in the 
scrubbing space or having its degree of super- 
saturation_ increased in said space, is then col- 
lected in a Crystallizing space without necessary 
change in the temperature or pressure oï the 
liquor. My method thus eliminates the need for 
. using the characteristic "cracker pipe" saturator 
of the prior method flrst described, and elim- 
inates the need ïor using the grid stack and 
vacuum evaporator used in the second men- 
tioned prior method. 
The gas scrubbing space and the liquid crYs- 
tallizing space used in accordance with the pres- 
ent invention may be respective!y ïormed bY the 
upper and lower portions of a single tank 
through which the gas passes upwardly and the 
spray liquor passes downwardly. Advanta- 
geously, however, the crystallization is effected 
in a tank or other receptacle which is separate 
îrom the scrubbing chamber tank and which 
also serres as a tar separator. In an especially 
desirable ïorm of the invention, the crystallizer 
comprises a liquid seal between the scrubbing 
and crystallizing chambers. The crystallizing 
chamber which is separate from the scrubbing 
chamber and also comprises a pipe or conduit 
conveying liquor to the crystallizing chamber 
from the scrubbing chamber, may also serve as 
a tar separator. In the crystallizer, the liquor 
changes from a supersaturated condition into a 
normal saturated condition. 
In the practice oï the present invention, am- 
monium Sulphate rystals are formed, and crys- 
tals grow in the small liquor drops or particles 
sprayed into and moving through the scrubbing 
chamber as the sulphuric acid in said drops or 
particles unites with ammonia in the gas con- 
tacted and thereby supersaturate the liquor in 
said drops or particles. In all of the forms of 
the invention disclosed herein, ammonium sul- 
phate crystals are entrained in the liquor sprayed 
into the scrubbing chamber. In the preferred 
forms of the invention illustrated in Figs. 3, 3A 
and 4, at least some of the liquor sprayed into 
the scrubbing space entrains crystals withdrawn 
from the portion of the crystallizer in which the 
larger crystals accumulate. The crystal entrain- 
ing liquor sprayed into the scrubbing space reacts 
therein with the ammonia content of the coke 
oven gas fo form ammonium sulphate and there- 
by supersaturates itself while simultaneously sub- 
jecting itself to a desupersaturating action in 
which ammonium sulphate in the liquor is de- 
posited on the entrained crystals, which are thus 
caused to grow as they more through the scrub- 
bing space. The major portion of the crystal 
growth effected and some of the initial formation 
of crystals effected in the normal use of the in- 
vention, occurs in the crystallizing space. The 
evaporation of water from the ammonium sui- 
phare liquor which occurs in the scrubbing and 
crystallizing spaces, increases the supersatura- 
tion of the liquor from which the water vapor 
separates. The crystal growth and formation 
which results from the supersaturation of am- 
monium sulphate, reduces the amount of am- 
monium sulphate in solution and thus desuper- 
saturates the ammonium sulphate solution. 
form ' the invention, crystal- 
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lization is expedited and augmented by recircula- 
tion of the spray liquor in the crystallizer space. 
The ammonium sulphate containing liquor 
sprayed into the scrubbing space ordinarily con- 
5 sists wholly or mainly of liquor passed more or 
less directly to the spraying means from the 
crystallizer. Ammonium sulphate liquor is thus 
moved along a flow path which is continuous, 
or closed on itself, and includes the means for 
10 spraYing the liquor into the scrubber, the scrub- 
bing space, the crystallizing space and conduit 
connections and pumping means for passing 
liquor from the last mentioned space to said 
spraying means. Sulphuric acid must be added 
15 to the liquor at some convenient point or points 
along said flow path and ammonium sulphate 
crystals must be separated from the liquor. The 
- liquor pumping apparatus required to spray the 
liquor into the scrubbing space, may serve to 
20 produce all, or a major portion of the recircula- 
tion of the bath liquor in the crystallizer space 
which is needed to effect and regulate the crystal- 
lizing action. 
A further speciflc object of my invention is to 
25 provide a simple and effective method of, and 
means for preventing rock salt deposits on the 
wälls enclosing the scrubbing and crystallizing 
space: I bave found that the last mentioned 
object may be substantially obtained by suitably 
heating, suitably washing, or both heating and 
washing the wall or walls on which rock salt 
would otherwis deposit. A suitable wall heating 
effect may be obtained by a steam jacket or 
jackets, or by electrical heating structure heat- 
35 ing the wall to a temperature high enough to pre- 
vent ammonium sulphate crystals from becoming 
attached to the inner_ wall surface. The wall 
washing effect raay be obtained by flowing water 
or bath liquor along the wall in a film-like stream 
of suflicient volume and flow velocity to prevent 
ammonium sulphate crystals in said stream from 
adhering to said wall. 
In the practice of my method, as in the .practice 
of the two prior methods hereinbefore described, 
45 the gas passing away from the apparatus in which 
the ammonia content of the gas is recovered, en- 
trains bath liquor Which is recovered in a 
. called acid catcher. Such recovery is practically 
essential in all cases because the cost of the sul- 
phuric acid used is a major cost item in the prc- 
ess, and also because the inclusion of more than 
a trace of sulphuric acid in the gas makes the 
latter undesirably corrosive. In the practice of 
the present invention I bave round that a de- 
crease in the average size of the subdivided liquor 
particles sprayed into the gas .stream increases 
the absorption efliciency of the sprayed liquor but 
also tends to increase the amount of the gas 
trained liquor carried into the acid catcher. A 
specific object of the present invention is to make 
it possible to obtain the advantage of spraying 
finely sub-divided liquor into the scrubbing space 
while minimizing the passage of the flnely sub- 
divided liquor into the acid catcher. 
I bave discovered that the last mentioned- ob- 
ject of the invention may be obtained by spray- 
ing bath liquor which is sub-divided relatively 
coarsely into the gas as it passes through the 
portion of the scrubbing chamber, preferably the 
upper portion, adjacent the gas ourlet of said 
chamber, and simultaneously spraying relatively 
finely sub-divided liquor into the portion of the 
scrubbing chamber more remote from the gas 
exit to the acid catcher. Preferably the amount 
of finely sub-divided liquor sprayed into the gas 
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is suiïicient to absorb the major portion of the 
ammonia content of the gas...With this spraying 
procedure, the relatively coarse liquid particles 
engage and absorb, or coalesce with finer particles 
of liquor sprayed into the portion of the scrub- 
bing space more remote from the exit. By the 
use of a suitably large portion of the spray liquor 
in the ïorm of a coarse spray, substantially all 
of the fine liquor particles entrained in the gas 
stream may be eliminated from said stream. The 
coarse spray serres to absorb substantially all of 
the ammonia content of the gas not absorbed by 
the fine spray. 
A plurality of pumpe may be used with advan 
rage in somç cases fo supply acidified liquor to the 
several spraying devices and fo effect the desired 
ricirculation oï the liquor rçquirçd for the 
sired crystal growth, but itis practically possible 
tQ use only a single pump. 
In the practical usi of the present invention, 
I bave found that good opërating results are ob- 
tainable with a gas upfiow velocity in the scrub- 
ber of from 1 fo 23 feet per second, and with liq- 
uor spra«ed into the upper portion of the scrub- 
ber adjacent the gas ourlet in the form of a 
coarse sprat comprising llquor particlis or drop 
lets havini an average diameter of more than 
two rnillimeters, and with liquor sprayed irto a 
lower portion of the scrubber in the form oZ a 
fine sprat comprising partiClçs or droplets hav- 
ing an aviragi diamçter slightly below 0.5 milli- 
meter..In such operation, most of the fine liquor 
spray entrained in the gaSstream is knocked out 
of the latter by the coarse spray in the upper 
portion of the scrubbing space, and the amount 
of acid carried into the external acid catcher 
by the outflowing gas is relativçly vçry small. 
In such practical use of .the invintion I bave 
found that for the satisfactery removal of the 
ammonia in the coke Oven gas passing through 
the scrubber, without passing an excessive quart- 
tir« of sprat liquor to the acid catcher and with- 
out requir!ng excessively large scrubber dimen- 
sions, the total quantity of llquor sprayed into 
the scrubber should ordinarly exceed 3000 gallons 
per short ton of ammonia sulphate produced. 
The various features of novelty which char- 
acterize m« invention are peinted out with par- 
ticularity in the claires annçxçd fo and forming 
a part of this specification. For a better under- 
standing of the invention, however, ifs advan- 
rages, and specific objects attained with its use, 
reference should be had to the  accompanying 
drawing and descriptive matter in which I bave 
fllustrated and describid prifirrid imbodimints 
of the invention. 
Of the drawings: 
Fig. 1 is a somçwhat diagrammatic sectional 
elevation of one form of myimproved apparatus 
for utilizing the ammonia content of coke oven 
gas in the production of crystalline ammonium 
sulphate; 
Figs. 2, 3, 4 and 5 are views generally simflar 
fo Fig. 1, and each fllustrating a different modi- 
fication of the apparatus shown in Fig 1; and 
Fig. 3A is an elevation illustrating a modifica- 
tion of parts of the apparatus shown in Fig. 3. 
Thi apparatus shown in iig. 1 comprises a 
vertically disposed tank or casing .structure 
enc]osing an upper gas scrubbing space or cham- 
ber 2, and a lower liquid holding crystallizing 
space or chamber 3. The gas and liquid hold- 
ing spaces or chambers 2 and 3 of Fig. 1 are in 
oPen communication with one another at the 
level ai which liquid overflows from the space 

into the overflow ourlet pipe 4. The tank ! is 
preferably circular in cross-section and may Well 
be of uniform diameter from top fo bottom. As 
shown, however, the lower liquid holding portion 
5 of the tank is of conical or hopper bottom shape, 
and the gas space 2 is tapered so that if is larger 
in horizonal cross-siction ai ifs lo»«er end than 
at ts upper end. The gas to be scrubbed enters 
the lower portion of the gas space 2 through an 
lo inlit  and passes away from the upper end of 
the space thr0ugh an ourlet $. 
In accordance with the present invention, 
acidifiid amrnoninm sulphate liquor is sprayçd 
into the scrubbing chamber 2 ai the upper end 
]5 of the ltter hrough a central, downwardly 
rcted, spray nozzle . The latter is connictid 
to the lower end of  vertically disposed pipe 
which enters the space 2 through the top wall 
o the latter, and which forms a branch of the 
2o outlet pipe 9 of a pump  normally discharging 
saturated ammonium sulphate liquor undir pris- 
sure. As shown, sulphuric acid may bç addçd to 
the liquor passing fo the nozzle  through the 
pipi , by a valved acid supply pipe . The pipe 
25 9 also supplies arnmoni.um sulphate liquor 
through a branch pipe 2 to a horizontal spray 
fini 3 in, and adjacent the upper end-of the 
scrubbing chamber 2. The spray ring  is 
formed with a multiplicity of discharge orifices 
S0 distributed about the axis of the tank ! and 
rected downwardly and outwardly so as fo main- 
tain a film-liki stream of liquid fiowing down- 
ward along the peripheral wall of the chamber 
-. Through  third branch , the pipe 9 sup- 
35 plies liquor fo one or more spray nozzles  pro- 
vided near the gas ourlet $. The spraying 
vices 3 and  flush with bath liqu0r the 
side walls of the gas space 2 and gas ourlet 
The liquid dischargçd by the spray nozzles 
.4o and 5 minimizes rock sali deposits on the wall 
surfaces flushed or washed by said liquid. 
.Wlile in normal operaúion, the fiushing liquid 
dischared through the nozzles !  and   may be 
saturated amrnonium sulphate liquor, the branch 
45 supply pipes 2and 4 are shown as provided 
with valved pipe connections $ and  through 
which hot water or hot water admixed with more 
or less saturated ammonium sulphate liquor, may 
bç supplied fo the nozzles 3 and , respectivçly, 
5O when necessary to elimifiate rock sali deposits 
in the saturator. Further protection against 
rock salt deposits, is provided by the wall heat- 
ing jackets ! 9 surrounding different portions bf 
the tank structures, with pipe connections 2 for 
55. the passage of steam into, and the discharge of 
water of condensation from the different heating 
jackets. The temperature of the wall portions 
 surrounded by the jackets 9 may be kept high 
enough to prevent rock sali deposits on the 
ô0 ternal surfaces of the wall portions respectivily 
adjacent the different steam jackets. 
Asshown, an external portion of the overflow 
pipe 4 is surrounded bY a steam jacket 2 , having 
pipe connections 22. A valved pipe connection 
65 23, shown as oPening into the scrubbing chaire - 
. ber 2 adjacent its lower end, forms a second 
means through which sulphuric acid may be 
added to the liquor in the subjacent crystallizing 
chamber. The pipe connection 23 forms an es 
ï0 pecially appropriate means for making use of 
the rec]aimed acid from a benzol recovery plant 
(hot shown) through which the coke oven gas 
is passed, subsequent to its passage through the 
scrubbing chamber 2. 
.75  The overflo w pipe 4. passes the overfiowing . 



lil6r nt0 the lower portion of a seal pot re- 
ceptacle 4 atone side of a bae 5 which does 
not extend to the bottom of the receptacle, but 
does prevent tar entering the receptacle 4 
through the pipe 4, from passing out of the re- 
ceptacle through the overflow pipe 5 at the op- 
posite side of the bae 5. The receptacle 4 
serves as a tar separator of well known type, 
and a valved pipe cormection 7 fo the portion 
of the receptacle 24 at the right of the balïie 5 
forms a means through which tar collecting in 
the upper portion of said receptacle portion may 
be periodically discharged, ihe overflow out- 
let 25 from the clear liquor chamber of the reN 
ceptacle 5 at the left of the balïle 5, opens into 
the upper end of an overflow receptacle $. 
The latter serres as a liquor supply chamber for 
the pump 0. The latter has its inlet con- 
nected to the lower end of the overflow recep- 
tacle. As shown, the receptacle 0 is provided 
with overflow outlet 0' through which overflow- 
ing liquor may be passed into a conventional 
mother liquor reservoir (hOt shown). The tar 
separator 5 has a bottom ourlet 9 connected 
to the inlet of a liquor circulating pump 30. 
The latter, as shown has a discharge pipe 3 
opening into the lower portion of the scrubbing 
chamber . 
The conical, liquor containing, crystallizing 
chamber $ opens at its lower end into a sub- 
jacent crystal receiving chamber $. The latter 
is in the form of a vertically disposed cylinder 
and bas an open upper end which is in com- 
mUnication with the lower end of the conical 
crystallizing chamber 3 to an extent which may 
be variably restricted by the adjustment of a 
valve $$. The valve $$ may be vertically ad- 
justed by means of a hand wheel 34 secured to 
the lower end of the spindle 35 of the valve $$. 
The crystal chamber $ bas a bottom outlet 
cormected by a pipe 36 to the inlet of a slurry 
pump 37 discharging through its ourlet pipe 30 
into an elevated crystal settling tank $9. The 
latter-is provided with a bottom outlet 40 
through which crystals may be discharged to a 
crystäl drying fllter or centrifuge device such 
as the device 77 shown in Fig. 3. Liquor passes 
away from the upper portion of the settling 
chamber 39 through an overflow pipe 4-and is 
returned to the chamber 32 through a tangen- 
tial inlet 4'. Communication between the crys- 
tal receiving chamber $ and the crystallizing 
chamber $ may be cut off or throttled by the 
valve 35 as conditions make desirable. 
To effect or augment recirculation and there- 
by further the crystallizing action in the cham- 
ber $, air, gas or liquor may be injected into 
the body of liquor in the lower portion of the 
chamber $ through the distributed outlet noz- 
zles 43 from a spray ring 4. The jets dis- 
charged through the nozzles 45 also reduce the 
amount of relatively small crystals entering the 
chamber $. 
In thë normal contemplated operation of the 
apparatus shown in Fig. 1, coke oven gas is con- 
tinuously passed into the scrubbing chamber  
through the lower inlet 5, and passes away from 
the chamber  through the upper outlet 5. As 
the gas passes upward through the scrubbing 
chamber  and thence through the outlet 5, it 
is subjected to the scrubbing action of the bath 
liquor sprayed into said chamber. The major 
portion of the scrubbing and wall washing liquor 
needed, is supplied to the scrubbing chamber 
through the nozzle 7, and is so sUbdivided and 
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directC as to be dispersed throughout the. entire 
cross-section of the portion of the scrubbing 
chamber  between spaced apart upper and lower 
levels, respectively below the nozzle 7 and above 
5 the gas inlet 5. Furthermore, the amount of 
liquid discharged by the nozzle 7 needs to be 
sufficient te absorb all of the free arnmonia 
carried into the scrubbing chamber by the gas, 
except the relatively small portion of said ara- 
10 monia which is absorbed by the liquor supplied 
by the spraying devices $ and 5, most of which 
passes downward fo the crystallizing space  
in the form of a down-lïowing film on the tank 
wall. Substantially all of the free ammonia is 
5 'normally removed from the gas before the latter 
passes into the space into which liquor is sprayed 
by the nozzle or nozzles 5. The primary pur- 
pose of the spray nozzles 5 is to fiush the inside 
surface of the upper portion of the scrubber 
20 shell and gas exit pipe. 
The spray liquor passing clown through the 
scrubbing chamber  is supersaturated when if 
reaches and passes into the body .of liquor in 
the crystallizing space $. The liquor fihn flow- 
25 ing clown the portion of the tank wall surround- 
ing the scrubbing chamber  andabsorbing am- 
monia from the gas coming into contact there- 
with, bas its ammonium sulphate content in- 
creased by spray liquor discharged by the nozzle 
30 7 and passing into said film after passing through 
enough of the gas space fo become supersatu- 
rated. While the liquor forming the film fiow- 
ing down the wall normally consists of super- 
saturated ammonium sulphate; it bas but little 
35 tendency to form rock salt deposits on the wall 
of the chamber , if the volume of the film liquor 
is sufficient to provide an adequate flushing or 
wall washing action. When such deposits oc- 
cur, or tend to occur, hot water may be added 
40 through the connections 5 and 7, to the liquor 
passing through the nozzles I$ .and 15 as re- 
quired fo prevent or -remove such deposits. 
Moreover, the formation of rock salt deposits on 
the walls .surrounding the chambers  and 3 
45 may be substantially prevented by the heating 
action of the steam jackets 9 which may be 
used to heat the film of ammonium sulphate in 
lmmidiate contact with the tank wall so as to 
thereby reduce the supersaturation of the film 
50 liquor sufliciintly t0 prevent rock salt deposits on 
the tank wall. 
While the liquor passing into the liquid fllled 
crystallizing space 3 from the scrubbing chamber 
 may be highly supersaturated, it is quickly 
55 desupersaturated as. ammonium sulphate crys- 
tallizes out of solution fo form seed crystals 
or to become part of the crystal growth 
which occurs in the crystallizing chamber and 
increases the size of the crystals therein. The 
60 growth of the crystals is ixpiditid and aug- 
mintid by the recirculation of the liquor in the 
crystallizing chamber due to the action of pumps 
0 and $0. Ail, or the major portion of the 
liquor drawn from the crystallizing chamber by 
65 each of those pumps is returned to that chamber 
through one or more of the spray nozzles 7, $ 
and ! 5, and the pipe $ . 
In the crystallizing space, the larger crystals 
settle more rapidly than do the smaller crystals. 
70 In consequence, the crystals passing away from 
the crystallizing chamber through the overflow 
pipe 4 are of smaller average sizi than the crys- 
tals withdrawn from the crystallizing chamber 
through the crystal chamber 3. The liquor re- 
'$ tUrned to the chamber $-through the pipe 4 
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carries with it much of the small crystal content 
passed into the crystal separating tank 
through the pipe 33. The small crysta]s in the 
chamber 32 tend fo continuously increase in 
size. As those skilled in the art will recognize, 
the average size of the crystals produced may 
be regu]ated by varying the conditions of op- 
eration of the apparatus disclosed herein, lWur- 
thermore, known special expedients may be used 
to produce large crystals when such crystals are 
desired. 
It is practically desirable that the scrubbing 
liquor spray should contain saturated rather than 
unsaturated or supersaturated liquor, and 
essential thst in normal operation the liquor 
which has been sprayed into the scrubbing cham- 
ber or space 2, should be in a supersaturated 
condition when 
the crystalMzing chamber or space. However, 
a considerable variation in the extent or degree 
of supersaturation is permissible, and in normal 
practice if is genera]ly desirable that the super- 
saturation should hot be so high that seed crys- 
tals of ammonium su]phare will be formed in 
the crystallizer bath liquor rapidly enough fo 
interfere with the desired crystal growth. 
As those ski]led in the art understand, the 
liquor which I use fo scrub free ammonia out of 
coke oven gas in the production of ammonium 
sulRhate, consists mainly of ammonium sulphate 
solution along with some sulphuric acid and a 
small amount of ammonium sulphate in crystal 
form. The reaction betveen ammonia and sul- 
phuric acid is exothermic and increases the tem- 
perature of the liquor. The coke oven gas com- 
ing fo the scrubbing chamber 2 carries some 
water vapor and is ata temperature which nor- 
mally is within the range of 120 ° to about 150 ° 
F. Vhen the gas coming into the scrubber has 
a constant temperature and water vapor content, 
the liquor composition stabilizes with ammonium 
solution dilution dependent on the said tem- 
perature and the water vapor content oî the 
gas. An increase or decrease in the water 
pot content of the gas, without a compensating 
change in the gas temperature, results in a de- 
crease or increase respectively, in the ammonium 
su!phare content of the liquor, when the sul- 
phare is in its normally saturated condition. 
In continuous commercial use, in the general 
manner above described, of apparatusof the type 
and form shown in Fig. I, good operaing results 
are obtained when the average gas temperature 
in the scrubbing space 2 and liquor tempera- 
ture in the crystallizing space 3 are each be- 
tween 120 ° F. and 150 ° l., and the liquor in the 
chamber or space 3 .has an average acid content 
o about 5 or 
about 1.3, and above 3000 gallons oî liquor 
sprayed into the scrubbing space 2 for each 2000 
pounds solid ammonium suphate produced. 
Neither the precise acid content o the liquor in 
the crystaHizing space 3 or being sprayed into 
the scrubbing space 
the liquor in either space is critical. Ordinarily, 
it is practically undesirable to have the acid 
content of the liquor in the crystallizing space 
or chamber above  per cent, since a higher 
acid content in said space tends to result in an 
acid content in the finished crystalMne 
monium sulphate produced, which, while smaH, 
is objectionable, particularly because o its cor- 
rosive effect. It 
course, that the acidity and volume oî the 
liquor sprayed into the scrubbing space 2 should 

be high enough t0 insure the conversion of all 
the ammonia content of the gas into ammonium 
sulphate. 
The liquor sprayed into the space 2 should be 
5 suicient in amount, and suitably dispersed, fo 
eep a substantial portion, ai least, of the ver- 
tical extent of the space 2 lïlled with the liquor 
spray, and the amount of spray liquor and its 
initial acid content should be such as fo prevent 
0 a reduction in the acid content of the spray 
liquor in the scrubbing space below about 4 per- 
cent. Thus, for example, if the spray liquor pass- 
ing through the nozze  of Fig. 1 bas an acid 
content of 9 percent, the lkluor passing into the 
15 crystallizing space bath from the scrubbing space 
2 should bave an average acid content of not 
less than about 5 percent. 
The amount of spray liquor used should be 
suicient fo prevent the sulphate of arnmonia 
20 content of the spray liquor from rising more 
than about 5.4 percent above the saturation con- 
tent, as otherwise the supersaturation of the 
iquor passing from the scrubbing space fo the 
crystallizing space will become high enough fo 
25 cause the formation of an undesirably large 
number of smaH crystals, with an undesirable 
resultant reduction of the capacity of the super- 
saturated liquor passing into the crystallizing 
space 3 fo produce a suitably great crystal growth 
0 in said space. The differences mentioned in the 
immediately preceding paragraphs between the 
acid content of the lkluor sprayed into the 
scrubbing chamber, and the acid content of the 
supersaturated ammonium su]phare passing 
5 from the scrubbing space into the crystallizer 
space, are dilïerences existing when the amount 
of spray liquor used in the production of a ton 
of ammonium sulphate approaches the mini- 
mum, and ae decreased when the amount 
40 spray liquor used is increased fo increase the 
crystal growth and the size of the crystals pro- 
duced. The progressive increase in horizontal 
cross-section of the scrubbing space as the dis- 
tance below the spray device  increases, couped 
4 with the expanding cross-section of the liquor 
spray as the distance below the nozzle  increases, 
bas the theoretical but practically unimportant 
effect of permitting a substantial portion Of the 
vertical extent of the scrubbing space to be 
50 lïlled with the spray discharged 
without causing much of the spray fo impinge 
against the wall surrounding the scrubbing spàce. 
In the normal use of the invention, the acidity 
of the bath liquor is advantageously measured in 
5 any Usual or suitable manner, continuously or ai 
freluent intervals, and the rate af which acid is 
added fo ammonium sulphate liquor in the tank 
! through the valved pipe connections !! and 
 or otherwise, is increased or decreased in ac- 
0 cordance with the measurements. In general, if 
is practically feasible to supply make-up acid to 
the liquor circulating system ai any convenient 
point. With apparatus of the type shown in Fig. 
1, the acid may be added in whole or in part 
65 through the pipe ! ! fo the crubbing liquor about 
fo be sprayed into the scrubber, or through the 
pipe 23 fo the portion of the scrubber space im- 
mediately above the crystallizer bath space, or 
the acid may be Passed into the crystallizing bath 
70 at various points as is iHustrated in Figs. 3 and 
or into iniet of the pump ! as is shown in Fig. 5. 
The Supersaturated liquor, passing from the 
scrubbing space 2 into the crystallizing space 3 is 
desuperaturated in the last mentioned space as 
75 a result of the loss of ammonium sulphate from 



2,99,067 

11 
the liquor te the crystals growing and formed in 
the chamber S. In consequence of the crystal 
growth and the resultant desupersaturation of 
the liquor, saturated liquor overflowing from the 
tar separater normally contains a relatively small 
amount of small crystals and practically no large 
crystals, since the latter settle out in the crystal- 
lizer spaces. 
The removal of tar in such manner as fo keep 
the amount of tar in the crystallizing space rel- 
atively small, favors the production of ammonium 
sulphate having a good white appearance. When 
necessary te facilitate a desirably rapid removal 
of tar from the tank 24 through the valve dis- 
charge ourlet 27, liquor may be passed inte the 
tank 24 through the overfiow tank 28 from the 
mother liquor reservoir (hOt shown). By keep- 
ing the crystals in suspension in the crystallizing 
space and removing them from the bath at a con- 
trolled rate, the size of the crystals produced can 
be controlled by the operater te meet the require- 
ments of the trade. In this way, large crystals 
can be produced, for example, crystals of an aver- 
age size such that 40 percent thereof are teo large 
te pass through a 35 mesh screen, and 5 percent 
or less will pass through a 70 mesh screen. The 
return of liquor from the lower end of the tar 
separater 24 te the tank | by the pump 30, hot 
only desirably augments the recirculation in the 
crystallizer space 3 and effects the removal of the 
tar from the space 3, but contributes to the pro 
duction of large crystals bY desirably minimizing 
the number of small crystals sprayed into the 
scrubbing space through the nozzles ], ! 3 and |5. 
The crystal growth in the crystallizer space 3 is 
relatively rapid, particularly as a result of the 
agitation or relative movement of the liquor and 
crystals which increases the extent of contact of 
the crystals with supersaturated liquor. The 
liquor in the space 3 of Fig. 1 is agitated and given 
motiin as a result of the operation of each of the 
pumps |0 and 30, and the liquor agitatiin may be 
further increased by air, gas or liquor injected 
inte the chamber 3 through the nozzles 43. 
Apparatus constructed in accordance with the 
present invention is characterized 'by its relatively 
small bulk relative te output. Thus, for example, 
I have found that it is practically feasible te pass 
coke oven gas at the rate of 80 million cubic feet 
per .4 hour day through a tank of the general 
form and proportions of the tank ! of Fig. 1, with 
an internal diameter of 11 feet at the top of the 
bath and of 8 feet at the level of the gas ourlet 6. 
No prior apparatus for the recovery of ammonia 
from coke oven gas of any type known te me bas 
as great a capacity per unit of bulk. In conse- 
quence of its relatively small bulk, it is readily 
feasible from the practical economic standpoint 
te make' all of the apparatus exposed te contact 
with the bath liquor, of an alloy, preferably 
Mortel metal, which is immune te corrosive 
tack by the bath liquor with its substantial sul- 
phuric acid content. 
The operating efâciency of the apparatus shown 
in Fig. 1, may, and ordinarily will be augmented 
by returning te the tank ! the liquor separated 
from the gas in the acid catcher through which 
the gas is passed from the scrubbing space out- 
let 6, and by returning to the tank | the liquor 
separated from the crystals passing from the 
'crystal settling tank 39 through its ourlet 40 te 
the crystal drying apparatus. No acid catcher 
or crystal drying devices are shown in Fig. 1, but 
they may be of any usual or suitable type, and 
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may be aranged as are the acid catcher 6| and. 
the crystal dryer ]] shown in Fig. 3. 
As has been previously stated, the general prin- 
cipies and advantages of the invention may be 
utilized and realized with apparatus quite differ- 
ont in form from that shown in Fig. 1. Examples 
of some such other forms of apparatus are illus- 
trated in some detail in Figs. 2, 3, 4 and 5. Each 
of those figures includes some elements and char- 
10 acteristics similar in function and purpose te, 
and hot significantly different in form from cor- 
responding elements and characteristics shown 
in Fig. 1, and are designated by the same or 
analogous reference symbols. Thus, for example, 
15 the analogous symbols 2, 2a, 2b, 2C and 2d are 
used te designate the scrubbing space in Figs. 
1, 2, 3, 4 and 5 respectively. 
Whfle the apparatus unit shown diagram- 
matically in Fig. 2 is quite similar te the appa- 
S0 ratus shown in Fig. 1 in many respects, it differs 
from the Fig. 1 apparatus in several material 
respects. For one thing, the scrubbing chamber 
or space 2a of Fig. 2 is surrounded by a wall in- 
cluding two hollow members 45 and 46, each of 
z5 which is in the form of a truncated cone. Each 
of said members is spaced inwardly from the tank 
or shell la which encloses the scrubbing space 2a 
and crystallizing space 3a of Fig. 2. The elements 
45 and 46 are coaxial but are tapered in the oppo- 
50 site direction, the base of the conical member 45 
being at its upper end and the base of the conical 
member 46 being at its lower end. The diameter 
of the lower end of the member 45 is equal te the 
upper end diameter of the member 46. The lat- 
 ter is so disposed and proportioned relative te the 
location of the nozzle ], and relative te the conical 
angle of the spray discharge by said nozzle that 
said spray is distributed substantially across the 
full cross-section of, and ï-dls the member 46 so 
40 that most of said spray passes downward through 
the member 46 without contacting the latter. 
The members 45 and 46 collectively forma hol- 
low walled skirt which includes a wall heating 
space |9 and which is spaced away from the sur- 
5 rounding, conical portion of the tank or casing lA 
te provide an annular gas receiving space 47. 
The incoming gas passes inte the space 4] through 
the iniet 5 ata level appreciably above the lower 
edge 40 of the member 46. That edge is serrated 
 and breaks up the stream of gas which fiows 
from the inlet port 5 downward through the space 
4] inte the space below the member 40 and above 
the bath liquor in the chamber 3a, and passes 
from said space upward inte and through said 
 space. The liquor fiowing in ï-flm form clown the 
inner surface of the member 46 is also broken 
up inte drops which fall from the serrated bot- 
tom edge 43 of the member 46, and is the por- 
tion of the ammonium sulphate liquor with which 
C: the gas entering the apparatus first cornes inte 
contact. 
In Fig. 2, the liquor level at the top of the 
crystallizing space or chamber 3a, is fixed by the 
height of an overflow ourlet 49 which discharges 
C5 the overfiowing bath liquor passing through a 
depending pipe 50 inte a seal pot 51.  The latter 
is located in the tar chamber of a tar separater 
24a generally like the tar separater 24 of Fig. 1. 
The pump |0 which passes liquor te the spray 
7O nozzles 7, |3 and |5 of Fig. 2, has its inlet con- 
nected fo the chamber 24a at the clear liquor 
side of a vertical baflle 25 which divides the up- 
per portion of the space inte a tar chamber and 
a clear liquor chamber. The tar chamber bas a 
75 valved tar ourlet 2]. The separate overflow re- 
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ceptacle 28 of Fig. 1 is omitted in Fig. 2, how- 
ever. The overflow ourlet 26« from the clear 
liquor chamber of the tar separator 24« may 
pass liquor into the mother liquor reservoir (hOt 
shown). In Fig. 2, crystals along with carrying 
liquor are withdrawn from the lower portion of 
the crystallizing space 3« to outlets §2, each con- 
nected to the suction pipe §3 of a corresponding 
slurry pump §4 which is arranged to pass the 
crystals and carrying liquor withdrawn, to crystal 10 
separator apparatus (hot shown), as the pump 
37 passes crystals and carrying liquor to the 
crystal separator 39 of Fig. 1. 
The apparatus shown in Fig. 2 also differs from 
that shown in Fig. 1 in having a circulating 
pump §§ with an in/et pipe §6 extending through. 
the wall. of the chamber 3« and having its open 
upper end centrally disposed in the space 3« at a 
level a short distance below the overflow level 
through the ourlet 49. The discharge pipe §7 of 20 
the pump 56 opens upwardly into the lower end 
of the hopper bottom portion of the chamber 
The pump 55 with ifs in.let and ourlet connections 
forms an effective .and reguiable device for ma- 
terially augmenting the recirculation effects of . 
the pumps l0 and 30 of Fig. 2. With the pump 
5- delivering a relatively strong, upwardly di- 
rected stream into the lower end of the chamber 
3, the smaller and lighter ammonium sulphate 
crystals suspended in the bath ]iquor, are largely ,0 
kept away from the crystal outlets 02 in which 
the larger crystals are drawn, since the upflowing 
stream discharged through the pipe 57 exerts 
much greater opposition to the settling movement 
of sma]l crystals than to the settling movement 35 
of the large crystals. 
Except as already indicated, the operation of 
the apparatus shown in Fig. 2 is essentially like 
that of the apparatus shown in Fig. 1. 
Fig. 3 fllustrates apparatus advantageously dif- 4O 
ferent structually and operatively from the 
paratus shown in Figs. 1 and 2, in the following 
important respects: 
The apparatus shown in Fig. 3 bas its scrub- 
bing space or chamber and its crystallizing space 45 
or chamber in separate tanks or receptacles; the 
Fig. 3 apparatus includes means for spraying 
finely divided liquor into one portion of the scrub- 
bing chamber space and for spraying less flnely 
divided liquor into another portion of said space 5O 
wtfich is so located that the coarser sPray wfll 
absorb most of the fine spray entrained by the 
gas stream and thus minimize the amount of en- 
trained liquor carried out of the scrubbing cham- 
ber by the outflowing gas; the apparatus shown 55 
in Fig. 3 includes a simplified ,and improved 
pumping arrangement; and includes liquor heat- 
. ing means by which the formation of small crys- 
tals and the growth of large crystals are subject 
to a desirable control. o 
The scrubbing chamber or space 2b of Fig. 3 
comprises the entire space enclosed by a cylindri- 
cal, vertically disposed tank 6 with its lateral 
gas inlet  and gas ourlet 6 respectively adjacent 
the lower and upper ends of the tank. The 
liquor sprayed into the chamber 2b does hot 
accumuiate therein, but passes through a bottom 
ourlet opening into a liquor discharge pipe 
and passes through the latter into the open upper 
end of a crystallizing tank or receptacle 2 kept 7O 
substantially filled with bath liquor. The pipe 
61 comprises a depending loop portion providing 
a liquid seal between the scrubbing chamber 
in which the gas pressure is greater than the 
pressure of the atmosphere into which the dis- 75 
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charge end of the pipe 
is surrounded by a steam jacket 6!'. The prl- 
mary purpose of the pipe 6! is that of a conduit, 
but the desupersaturation of the ammonium 
suiphate liquor supersaturated in the scrubbing 
chamber 2b, is initiated in the pipe 6, and the 
latter may be regarded as an initial crystallizer 
or pre-crystallizer. 
The main crystallizer tank or receptacle 62 is 
structurally similar to, and serres the tar sepa- 
rating purposes of the tar seParator 24a of Fig. 2. 
The receptacle 62 includes a baiïïe 63 analogous 
to the baflle 25 of Fig. 2. The baflle 3 separates 
a clear liquor ourlet compartment af its right 
rom a tar receiving compartment at ifs. left. 
The scrubber ourlet pipe 61 discharges into said 
receiving compartment, as do the liquor return 
pipes 7§ and $2 hereinafter described. Tar col- 
lecting in the upper end of the receiving com- 
partment may be periodically removed by a 
manual sMmmer, or by the use of a valved out- 
let (hot shown) » like the ourlet 27 shown in Fig. 1 
and in Fig. 2. Some of the liquor passing into 
the crystallizing receptacle 62 is withdrawn from 
the clear liquor compartment of the latter by a 
pump 0, and crystals settling in the lower, hop- 
per b0ttom portion of the receptacle , are 
withdrawn along with carrying liquor by the 
slurry pump 65. Some of the liquor withdïawn 
from the receptacle 62 by the pump 6 is sprayed 
into the lower portion of the scrubbing chamber 
2b, aS is hereinafter described. 
The pump 0 passes liquor withdrawn from 
the reCeptacle 62 through a pipe 9 including a 
liquor heater 64, to a spray device 7b., shown as 
comprising a single spray nozzle axially disposed 
in the chamber 2b, adjacent the upper end of 
the latter. Thè pump @ also passes liquor from 
the tank 6 through the pipe 9, heater 64 and 
branch pipe § to a spray device 66 for spraying 
liquor into the scrubbing chamber 2b at a level 
substantially be!ow the level of the spray de- 
vice 
In the form shown in Fig. 3, the spray device 
66 comprises a bustle pipe surrounding the tank 
6@ and supplying liquor to a plurality of spray 
nozzles 67 extending through the tank wall and 
arranged to discharge sprays directed downward- 
ly and toward the axis of tank 60. In the pre- 
ferred form of the invention, the liquor sprayed 
into the chamber 2b through the nozzles 67 is 
much more fimely subdivided than the liquor 
sprayed into the upper end of the chamber 
through the nozzle 7b. In practice, the nozzles 
67 are advantageously of one or another of the 
types used to "atomize" water and other liquids, 
and are adapted to subdivide the liquor which 
they spray into the chamber 2b into particles 
having an average diameter of less than one-half 
milimeter. As has been explained in my prior 
application Serial No. 3,133 flled on January 19, 
1948, for the use of the general method disclosed 
and claimed herein, it is important that the 
spray nozzles employed are of the non-blocking 
type, so that they will not be blocked up by the 
crystal slurry pumped to them from the bot- 
tom of a containeï, such as the tank I, or the 
crystallizer tanks 62, 62C or 3 of Figs. 3, 4 and 5, 
respectively. For example, the well known and 
widely used spray nozzles of the construction type 
shown in the Eneas Patent 1,101,264 of June 23, 
19i4» are well suited for th/s purpose. Prefer- 
ably, the nozzle 7b, wh/ch may also be of well 
known form, is adapted to discharge liquor in 
the form of a relatively coarse spray consisting 



of particles having an average diameter of about 
two millimeters. Theinlet spray nozzle 73 is 
advantageously one adapted te produce a rela- 
tively coarse spray. 
In practice, the difference betvceen the level 
of the nozzles 67 and the level of the nozzle 7b 
may be of the order of ton or fifteen foot, se 
that the pressure af which the liquor is supplied 
te the nozzles 67 exceeds the pressure af which 
the liquor is supplied te the nozzle 7b by several 
pounds per square inch. This difference in the 
supply pressures facilitates the maintenance of 
the desired difference in the size of the liquor 
droplets discharged by the nozzles af the different 
levels. 
The rapidity with which ammonia is removed 
from gas into which liquor containing ammonia 
sulphate and sulphuric acid is sprayid, rapidly 
increases as the size of the liquor spray particles 
is reduced. The fine spray discharged by the 
nozzles 67 is thus a more efficient agent for re- 
moving ammonia from the gas stream, than is 
the coarser spray discharged by the nozzle 7b. 
The amount of spray liquor which the gas 
steam tends te entrain also increases rapidly 
as the size of the spray liquor particles decreases. 
In consequence, if aH of the liquor sprayed into 
the scrubbing chamber were as finely divided as 
is the liquor sprayed through the nozzles 67, the 
ame unt of entrained liquor which the gas would 
carry eut of the scrubbing chamber through ifs 
ourlet 6, would be excessive. With the arrange- 
ment shown in Fig. 3, however, the coarse liquor 
spray particles discharged by the nozzle 7b and 
moving along distributed paths through the per- 
tien et the gas stream between the level et the 
nozzles 67 and the ourlet 6, absorb or coalesce 
ith most of the fine spray particles entrained 
by the adjacent upfiowing gas, and are thus 
knocked out of or removed from the ascending 
gas stream before they reach the ourlet 6. 
The steam of coarse gpray particles discharged 
into the ascending gas stream atone level, and 
the stream of finer spray particles discharged 
into the gas stream at some lowm" level, thus 
coopeïate te insure a desirably high ammonia 
absorbing capacity, coupled with a desirably low 
rate af which entrained liquor is moved out of 
the scrubbing chamber by the gas. The simul- 
taneous discharge of a p]urality of spray streams 
inte the scrubber space ata corresponding plu- 
rality of portions et the scrubber space displaced 
from one another along the length of the path 
of gas fiow through said space increases the 
efficiency with which the ammonia content of a 
given volume of gas can .be removed by a rela- 
tively small amount of spray liquor, regardless 
of whether the different spray devices discharge 
fine spray or coarse spray. Thus, I have round 
experimentally that when a relatively moderate 
amount of spray liquor is sprayed into the 
scrubber chamber in three generally simflar spray 
streams, at three different levels, about ninety- 
two percent of the ammonia in the gas is removed 
by the lowermost spray/about ninety-nine per- 
cent of the ammonia in the gas is removedby the 
conjoint action of the two lowermost sprays, and 
that the three sprays collectively remove 99.oE5 
percent of the ammonia content of the gas. 
An increase in the ammonia absorbing .capacity 
of the liquor sprayed into the scrubbing cham- 
ber, centributes te a decrease in the amount et 
such liquor required te absorb the ammonia, and 
permits a reduction in the bu]k, and in the con- 
struction and operating costs of the apparatus 
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required te recover the ammonia in a giron 
volume of gas. " 
As previously noted, some of the liquor with- 
drawn frein the crystallizer 
5 is sprayed into the scrubber chamber b. Thus, 
as shown in Fig. 3, liquor and crystals drawn 
from the crystallizer by the pump 68 are ,passed 
through the pump discharge pipe 69 te a classifier 
7{}. The latter bas an ourlet connected through 
10 a valve 7! and pipe 7- te a spray nozzle 73 dis- 
charging Lute the lower end of the scrubbing 
chamber 2b. As diagramïnatically shown, the 
nozzle 73 is located in the gas inlet passage 5 in 
position te discharge a spray into the le,ver per- 
15 tion of the chamber 2b. 
The classifier 7{} is a solid and liquid separating 
device which may be of the cyclone type and ferre 
largely used in the metallurgical art te separate 
finely divided solid marrer frein water. The 
20 classifier 7{} of Fig. 3 normally operates te pass 
the major portion .of the entering crystals into 
the classifier from the puïnp 6 through the 
classifier ourlet 7 te a subjacent crystal sepa- 
rater 39. The latter may be of a conventional 
25 type customarily employed te separate amnïo- 
nium sulphate crystals from carrying liquor. 
The relative amounts of liquor passing frein the 
classifier 7{} te the nozzle 73 and te the separator 
9 may be regulated by relative adjustments of 
0 the va]vos 7! and 7. The adjustment oï the 
valve 7 ! also regulates the pressure ai which liq- 
uor is passed into the spray nozzle 73. As shown, 
the pipe 7- compri.ses a depending loop portion 
72' forming a liquid seal between the classifier 
5 7{} and the scrubbing chamber -b. 
As diagrammatically shown, the liquor sepa- 
rated frçm the crystals in the separator 3 passes 
from the upper portion of the separator .back into 
the crystallizer 6- through a return pipe 75. As 
( shown, the pipe 75 includes 
the purpose of which is hereinafter stated. The 
pipe 75 also serres te return liquor te. the crys- 
tallizing chamber from the crystal dryer ]7. The 
latter may be a continuous dryer of conventional 
45 type arranged te receive crystals and accompany- 
ing liquor from the bottom of the separator 
through a normally open valve 76. When the 
latter is closed, the crystals and carrying liquor 
may also be returned to the crystallizer cham- 
,-,.') ber 6- from the lower portion of the separator 
39 through a normatly closed valve 79 and pipe 
6. Ordinarily, the valves 73 and 79 are respec- 
tively closed and open te pass crystals and liquor 
back te the crystallizer 6- only when the average 
.. size of the crystals settling inte the lewer portion 
of the separator 9 is smaller than is required 
te satisfy the existing crystal demand. The crys- 
tals thon returned through the pipe 60 are giron 
rime and opportunity for further growth in the 
0 crysta]lizer chamber 
In Fig. 3, à conventional acid catcher of the 
cyclone separator type has ifs inlet comrected 
directly te the ourlet 6 of the scrubbing chamber 
2b. The acidified liquor separated frein the gas 
65 in said acid catcher 5 | passes through the valved 
bottera ourlet 83 and pipe 5- te the crystallizer 
chamber 6-. Ordinarily and as shown, the pipe 
6- includes a depending loop .portion providing 
a liquid seal which prevents gas from blowing 
70 out of the separator 5 | through the pipe 5-..The 
gas leaves the acid catcher through the outlet 
pipe 5 which has ifs inlet end within the acid 
catcher and adjacent the lewer end of the latter. 
 As those skilled in the art understand, the 
75 ïormation oï minute so-called seed crystals may 



result from vazieus cha.nges in operating .con- 
ditions, such for example-as an increáse in..the 
rate ,at which-ammonia is absorbed by the bath 
liquor in the scrubbing space, Or a .decrease-in 
the temperature of the tiquor. The over-pro- 
duction of seed crystals contri.bútes directly to a 
reduction in the rate Of crystal growth in the 
crystallizing chamber, and hence in the aVerage 
size of.the crystals produced. 
 The ,heaters 64 and 76 -may be of any usal or 
suitble type. For example, theymày be electric 
resistance heaters, but as diagrammatically 
shown, they are heáters of the tubular heat ex- 
changer type with provisions for passing steam af 
regulable rates into their heating fiuid spaces. 
The heater 64 forms a moins for dissolving more 
or less of the small crystals entrained by the 
liquor drawn out .of the crystallizing chamber 
62 and moved through the heater 64 :by the 
pump 16, and thus reduces the number of small 
crystals passed into the scrubbing chamber 
through the spray nozzles receiving spray liquor 
through the heater 64. The .heater 76 may be 
used to dissolve more or less of the relatively 
sma]l crystals returned from the separator 39 fo 
the crystallizer 62 through the pipe 7. The dis- 
solving action of smll crystal content by the 
heting units 64 and 76 contribute to a reduction 
in the number of small crystals in the crystatlizer 
62, and thereby augments the crystal growth 
occurring in that chamber. In lieu of, or in 
addition te using the heaters 64 and 76, lire 
steam may be injected inte the corresponding 
liquor streams. Thus, as shown in Fig. 3, steam 
may be injected inte the pipe 7, when and .as 
desired, through a vlved steam pipe 
As diagrammatically shown in Fig. 3, make-up 
acid is fed through a pipe I lB into the.portion.of 
the. crystallizer 62 immediately adjacent the out- 
let from the crystallizer fo the pump inle 
Hot water lone, or in admixture with bath liq- 
uor fo rock salt elimintaion or 0ther .cleaning 
purposes, may be passed inte he irflet o the 
pump i through a VIved pipe connection 
and inte the classifier 7 through a supply pipe 
The ápparatïs shown in Fig, 3 is Criàractibd 
bïts iechánicïl simplicïty. Ii addition te 0her 
aIv:antages of the apparatïs shoWn in Fig: 3, 
prvl0nsly mentioned, the cost f construction of 
a crubing chamer 6 of larg Cpacity, 
dUced by rn-aking he enclosing tank ïn the fom 
of a Simple cylinder, rather than by giving it a 
tapered form Such as is giron the tanks 
of Figs. 1 and ,, respectively. The cylindriCal 
form of the tank 66 permits of an advantgeous 
disposition in trie tank of a suitble multiplicity 
if spray devices,and is less xpensive te onsruct 
in Iargé-size Units thanis the tapered tankS shwn 
in FIgs. 1 and 2. 
More or less of the crystal èntraintg liquor 
withdrawn from the scrubbing chamber 2b by 
the pump 66; may be returned .to said chamber 
through the nozzle 73 without making use of the 
 classifier 76. Thus as iæ shown in Figure 3Ai the 
upper ends of thepipes 7- and 69 may bè directly 
cormected through the vàlve 7i, and the pipe 
may also be connected to the-valve 74 for the 
Passage of crystals and liquor into the separator 
39.. The supply to the lower Fig. 3 spray nozzle 
73, Of liquor having an-acid content substantialiy 
the-same as,the acid content Of the liquor passing 
away from trie sCrubbing space, and hence appre- 
Cibly iowerthan the àcid content of the liqïOf 
supplied to the more elevated spray nozzles Of 
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Fig. 3 in consequence of the inclusion.in the last 
mentioned liquor of the make up acid supplied 
through -the pipe I IB, is advantageous for two 
reasons. First, owing to the relatively high am- 
5 m0nia.content of the-gas when it first nters the 
scrubbing space of-Fig. 3 through thè gas inlet 
the absorption of the ammonia ,by the liquor 
sprayed into contact with the .gas vould result 
in an undesirably rapid supersaturation of the 
10 centacting spray liquor and the formation Of an 
undesirably large number of small new erystals, 
if the acid content of the contaeting liqu0r Were 
appreciably .higher than the acid cor/font of ,the 
liquor pasSing out of the scrubbing space., Sec, 
15 ond, the higheracidcontent in the .liquor sprayed 
through the nozzles 7B and 67 .into contact w.ih 
gs .from which a-substantial portion er its-initial 
ammonia content bas been absorbel, reduces the 
amount of liquor discharged thr0ugh the lst 
2O mentioned nozzles Which is needed .te suitably 
lower the ammonia content of the gas leaving the 
semlbbing spacé. ,T-he discharge-of-a relatively 
ciarié ipray through the n0zzlè 73 makes-the 
supersaturation ëffect less pronounced than 
25 would be.if the spray were-finer. 
The form Of the .invention shown ïn Fig. 4 
closely resembles that shown in Fig..3, except 
that in .Fig. 4 only a Single liquor pump is ùsed. 
In Fig. 4 the purnp 68 serves the same puposes 
3O served by it in Fig. 3, and serves in .addition to 
supply liquor to the inlets of the spray devices 
and 67. Liqu0r and entrained cr.ystals or slurry, 
withdrawn rom the crystallizer 62C of Fig. 4 bY 
the pump 68, .pass through the discharge pipe 69 
35 to the classifier 76 and pss from the latter 
through a lower walved ourlet 74 and throug.h an 
upper ourlet valve 71 ,and pipe 
In Fig. 4, however_ the pipe 72 in addition te 
passing liquor to the spray nozzle 73, passes liquor 
0 through a branch pipe 8 and associated digtrib- 
uting means to spray nozzles 7b and 67. The ar- 
rangement of the latter, shown in Fig. 4, is like 
that shown in Fig. 3. Adv, antageously, however, 
the portion of the pipe 72 individual to the nozzle 
 73, inclules a throttling valve 86. 
The branch pipe 8 of Fig. 4 discharges into a 
classifier 67, which máy bea counterpa2t of the 
classifier 76. The bottom ourlet from the classi- 
fier 87 is 'connected through a valve 8.8 te branch 
 pipes 89 and 9{}. The pipe 69 guppliesSpray liquor 
to the nozzle 7b, and the pipe 96 suppliei ipray 
liquor fo the bustle pipe 66 and thereby te the 
spray noz,les .67. The branch Pipes 69 and 96 
.include reguláting valves 91 nd 92, respectively. 
55 The valve 68 is Shunted bY a by-pass cormection 
which includes valve 95 and a liquor heater 94, 
and a pipe 9 connecting the heater 94 to the 
connected ends of of th valves 68, 91 and 92. 
By suitable adjustment of the Wlves 71, 86, 68, 
6O 91, 92 and 95, the relative. mounts of lïquor 
passed to the nozzles 7b :nd 73 and.te the-group 
of nozzles $7, may be vaïed as dësired. Further- 
more, the pressure at the inlets to the rozzles 
7b and 73, and at the inlt to the bustle pie 66, 
65 may be varied as conditiOns make desirable. The 
heater 94 f0rms á means for. cntollg the 
amount of smll crystals passing into the scrub- 
birig chamber 2b through the nozzles 7b and $7. 
Ingtead of using the .heater 94, live steam mày 
70 be pse'd into the pipe 9 through thé valved pipe 
connection 95'. 
Thè pump simplification of lig. 4 is thus at. 
tended by a desirabl fiexibility-o control of trie 
relative amounts of Spray liquor supplid, to the 
75 vàrious spray nozzles, and thë pressures at whlch 
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the liquor is supplied to the nozzles. The_ appa- 
ratus shown in Fig. 4 also differs from that shown 
in Fig. 3 in the omission of the crystallizer baffle 
63 which may also be omitted fr0 m the. Fig. 3 
arrangement. As .shown in Fig. 4, hot water, or 
hot water admixed with liquor may be passed to 
the inlet of the pump 68 through a pipe ! 6C, and 
make-up sulphuric acid may be supplied through 
a pipe | J C which opens into the hopper bottom 
portion of the crystallizer 62C, adjacent the out- 
let from the .crystallizer connected to the inlet 
of the pump 68. The general operation of the 
apparatus shown in Fig. 4 may be like the ap- 
paratus shown in Fig. 3, except as already noted. 
. In Fig. 5 I have illustrated a relatively simple 
and compact structural arrangement of appara- 
tus for converting the ammonia in distillation 
gas into ammonium sulphate, in which the scrub- 
bing chamber 2OE and the crystallizing chamber 
3OE are in separate receptacles as in Figs. 3 and 4. 
The scrubbing-chamber 2OE of Fig. 5 is enclosed 
by a cylindrical tank J66, having a hopper bot- 
tom and a depending coaxial liquor outlet pipe 
6. The latter is open at its upper end to the 
chamber 2OE and has its lower end submerged 
in .the liquor held in the receptacle 62. The 
latter is open at its upper end and forms the 
surrounding and bottom walis of the crystallizing 
chamber 3OE. The pipe |0! and chamber !62 
cooperate to forma liquor sealed connection 
between the lower ends o the scrubbing cham- 
ber 2d .and crystallizing chamber 3d. The wall 
of the chamber 3OE is ruade hollow to serve as a 
steam heating jacket space |63 for said chamber. 
Similarly, the output pipe |6| is formed with 
a double wall to provide an armular steam heat- 
ing space | 04. 
 Liquor is withdrawn from the crystallizing 
chamber 3 at an upper level, by a pump 
which passes the liquor to the scrubbing cham- 
ber 2OE through a spray nozzle 7OE carried bF the 
depending outlet end portion of the pump dis- 
charge pipe 66. A depending upper end portion 
of the pipe 66 passes centrallF into the upper 
end of the chamber 2OE through the top. wall 
|66 of the tank 66. Make-up acid may be 
passed into the inlet of the pump J6 through 
a valved pipe OE. As shown, the inlet of the 
pump 6 is connected to a ring shaped trough 
|67 extending horizontally around the vertical 
axis of the chamber 3OE. Liquor overfiows from 
the crystallization receptacle 62 through an 
overflow,.pipe J68 which discharges into a tar 
separator 69 which as shown, is similar in type 
fo fhe tar separator 24« of Fig. 9., and is provided 
with a similar valved tar outlet 27. In Fig. ,5, 
the bottom outlet of the tar separator is con- 
nected to the inlet of the pump ! 6 which re- 
turns liquor to the upper end of the chamber 3OE 
through a pipe | | . 
A pump ! ! 2 draws liquor from the clear liquor 
chamber of the tar separator 69, and passes 
if through a, valve !3 and pipe |J4 to a spray 
ring |6 carried at the underside of the upper 
top plate |66 of the tank 66. The spray ring 
5 discharges liquor against the irmer wall of 
the upper portions of the scrubbing chamber 
and against the outer surface of the portion 
of the pipe |64 extending downward from the 
underside of the top wall plate J66. As. shown, 
a branch from the pipe | 4 supplies liquor to 
a nozzle ! 6 which discharges liquor against the 
inner wall surface of the tank 6 adjacent 
gas ourlet 6. Another pump || 7. draws liquor 
fr0m the clear liquor chamber of the tar sept 

arator and discharges if into the lower poroEon 
of the scrubbing chamber 2d through a spray 
valve 73' which maF be similar in location. 
form and general operative effect to the spray 
5 valves 73 of Figs. 3 and 4. Hot water may be 
passed into the pipe 4 through a valved pipe 
6oE opening to the pipe J4 ata level above 
the valve | |3. Hot water may aiso be passed 
into the nozzle 73' throngh a valved pipe 
10 The operation of the apparatus shown in Fig. 5 
may be generallF like that o the apparatus 
shown in Figs. 3 and 4 except as a result of 
the omission from Fig. 5 of fine spray nozzles, 
like the nozzles 67 of Figs. 3 and 4, below the 
15 central upper nozzle 
The exothermic reaction in which free am- 
monia combines with acidified ammonium sul- 
phate liquor used in recovering ammonia from 
coke oven or analogous distillation gas, results 
20 in the evaporation in the scrubbing space of any 
of the forms of apparatus shown, of some of the 
water present in such liquor. Such evaporation 
tends to increase the supersaturation of the un- 
evaporated residue of the liquor. The pressure 
25 and temperature in the scrubbing space are 
higher than the pressure and temperature re- 
spectively, of the ambient atmosphere. In con- 
sequence, there is an evaporation into the am- 
bient atmosphere of some of the water content 
30 of the ammonium sulphate liquor. The effect 
of such evaporation to the atmosphere of liquor 
passing into the crystallizer shell and at the 
upper surface of the liquor therein as shown in 
Figs. 3, 4 and 5, contributes to a desirable reduc- 
35 tion in the temperature and in the ammonium 
sulphate content of liquor desupersaturated in 
the open crystallizing chamber. 
In all of the forms of the invention illustrated, 
the liquor in the portion of the crystallizer space 
4 immediately adjacent the ourlet from which the 
liqpor fo be sprayed to the scrubbing space is 
withdrawn, is ordinarily in ifs normally saturated 
condition. However, as a result of variations in 
operating conditions, the liquor withdrawn for 
45 spraying purposes may be occasionally slightly 
undersaturated or slightly supersaturated. In 
regular operation, however, the undersaturation 
is negligibly small and the extent of supersat- 
 uration is much less than that of the liquor re- 
turned fo the crystallizer from the scrubbing 
space. The average condition of the liquor with- 
drawn for spraying purposes may thus be des- 
ignated as an approximately saturated condi- 
 tion, and is sodesignated in some of the ap- 
pended claires. 
In each of my priorapplications, Serial No. 
668,39., filed May 9, 1946; Serial NO. 659,444, 
filed Aprfl 4,1946; Ser. No 64,334» filed June 
60 4 1946; Ser. No. .0593, filed January , 194; 
Ser. No. 1,196» filed August .9, 194» all now 
abandoned; and Ser. No. 3,133, filed January 
19, 1948, I bave disclosed subject matter which 
is claimed generically or specilically in the pres- 
65 ent application, which is a continuati0n in part 
of each of said prior applications. 
whfle in accordance with the provisions of 
the statures, I bave illustrated and described 
the best forms oï embodiment o my invention 
70 now known fo me» it will be apparent to th.ose 
skflled in the art that changes may be made 
in the forms o the apparatus disclosed withou 
departing from the spirit of my invention as.set 
forth in the appended claims, and that in some 
, Cases. cain features of my. invention .maF 



 used to ,advantage Ith«ut ,a correspondin, g use 
of other features. 
Having now described my invention, vhat I 
claim as new and clesire to secure by Letters Pat- 
ent is: 
. 1. The method of continuously producing-sul 
phare of ammonia which comprises passing .into 
substantially unobstructed scrubbing .sPace .a gas 
containing free ammonia, contacting .such gas 
.with saturated ammonium sulphate solution 
tain]ng free sulphuric acid, withdrawing am- 
mon]um sulphate liquor fo make up such solution 
from a bodr of ammonium sulphate liquor in .a 
crystallizing space below said scrubbing space, 
said contacting being effected by spraying by 
whirling motion and under such pressure so as 
to disperse said solution in fine spra.y over sub- 
stantially the whole cross sectional area of the 
space and permit solid crystalline particles .and 
supersaturated liquid spray fo fall into said body 
whereby the growth of ammonium sulphate crys- 
raisin said body is promoted, withclrawing.crYs- 
tals from said crystallizing space and adding.sul- 
phuri acid to the liuor to make up for .he acid 
combining with ammonia in the scrubbin space. 
,. A method as specified in claim 1, .in vhich 
the liquor introduced into said scrubbing space 
entrains ammon]um sulphate crystals. 
3. A method as specified in claim 1» in which 
the liquor dispersed throughout said scrubbing 
 space;is in the form of spray particles having an 
 average diameter of less than two millimeters. 
4. A method as specified in claim 1» in which 
the acid content of the liquor-sprayed into the 
scrubbing space adjacent such gas in]et is about 
5 or 6 per cent by weight, and in which the acid 
content of the liquor sprayed into said scrubbing 
space more remote from said in]et exceeds 
first mentioned acid content. 
5. In the continuous production of sulphate of 
ammon]a, the method which consists in moçing 
gas having a small ammonia content through a 
scrubber space between a lower gas in]et fo, .and 
an upper gas ourlet ffom said space, passing 
acidified ammonium sulphate liquor in the form 
of a coarse spray into a portion of said space and 
passing acidified ammonium sulphate liuor in he 
form of a relatively fine spray into a portion of 
sa.id space nearer to said in]et than the flrst.men- 
tioned portion, said coarse spray consisting of 
licluor particles having an average diameter.not 
less than two millimeters and said fine spray con- 
Sisting of fine particles having an average diam- 
eter of hot greater than one-half millimeter. 
 6. In the continuous production of sulphate of 
ammonia, the method which consists in moving 
gas having a small ammonia content through a 
scrubber space between a lower gas inlet fo, and 
an upper gas ourlet from said space, passing 
.acidified ammon]um sulphate liquor in the form 
of a relatively coarse spray into an upper portion 
of said space and passing acidified ammoninm 
sulphate liquor in the form of a relatively fine 
spray into an intermediate portion of said space, 
and spraying liquor in the form of a relativelY 
coarse spraying into a lower portion of said space 
adjacent said gas in]et. 
. The method of continuously producing sul- 
phare of ammon]a which comprisespassing into 
a substantially unobstructed scrubbing space a 
gas c.ontaining free ammonia, contacting such gas 
with saturated ammonium sulphate solution con- 
tining ffee sulphuric acid and entraining solid 
crystalline particles and reacting wlth the free 
mona.to form supersaturated ammonium 

phat.e .liuor, iwthdawing supersaturated 
monlum .supliae .liquor from said scrubbing 
slace:and desupersaturating the latter to make 
 U!  :all of .said.solution used in carrying out the 
5 method from.a bo£1r of ammon]um sulphate liquor 
in a .crstallizing .space below said scrubbing 
sla.ce, said conating being effected by spraying 
under such pressure so .as to disperse said'solution 
iin .lïnesprayover substantially the whole cross 
10 .sc.tlonal .area of the space and permt solid crys- 
.alline loaticté .and supersaturated liquid spray 
to..Iall Into .said body whereby the .growîh of .am- 
monium :sulphae crystals in .said body is pro- 
motedvthdrawing crFstals from said crystalliz- 
15 ing.:sp.ace :andladding sulphuric acid to the liquor 
.a a ate o related o the rate at vhich the am- 
mon]a contaiiing gas..is passed into said scrub- 
.bing .space .as..,to effect the reaction of substan- 
 .all, áll of hél ammonia in .the gas vith the acid, 
20 .a.d make .up or. the acid combining vith 
,monia.ln ,the.srubbing space. 
.  .meth0d .as .specified in claim 7, in which 
thegas passes flrst through an inlet portion and 
«thence hrough an ourlet portion of said scrub- 
2 .ing. pac¢, ïïd including the step of adding 
:makeup aidmainly to ttie liquor sprayed into 
the last menti0ned portion of the scrubbing space. 
.9.. In .remoing ammonia from coke oven .gas 
by: .s»r, aYing .actdulated sulphate of ammon]a 
'30 :liquor. ino .contact with the gas in a scrubbing 
slace .sm'roued by a wall formed of. acid resist- 
ing-plate, the.method which consists in spraying 
liquor into said space to disperse he sprayed 
liuor therein, ,and o maintain .a layer of super- 
5 sat,urted-liquor on the inner side of said wall, 
.andapplying heat.to the outer side of said wall to 
!o.wer th¢ saturaion point of the liquor in said 
.aFr and theeby pre/ent salt incrustations on 
th¢.inner side f the wall. 
40 i0. By-poduct coke oven apparatus for the 
production .of]mmonium sulphate crystals, com- 
prising .strucire. enclosing a scrubbing chamber 
 having..a gas inlet adjacent its lower end and a 
.,gas ou,tlet, adjacent its upper end, and a liquor 
4 outl¢t below:the le.vel of said .gas inlet, spraying 
d¢ices arnged in said chamber at different 
lels, ,a.crystallizer comprising a liquor centiner 
and a .pipe bent fo form a liquor seal and having 
one end porion connected to the lower end-, of 
said .chamber to receive liquor thereffom and 
50 haing is scond end portion above said con- 
..tainer nd.rranged fo discharge liquor into the 
.latter nd .h/aving an intermediate portion in the 
form of a dCending loop, a pump having an in- 
55 Je :connect.ed .to.-.sa.id liquor container for with« 
 drawing liquor and crystals enrained therein 
from said container and having a discharge pipe 
line conneced to and discharging liquor and crys- 
tals hough said spraying devices, a separator de- 
S0 v!ce for separating crystals from liquor, a branch 
ppe including a regulating device connecting sail 
pipe line fo said separator device, and means for 
admixing sulphuric acid with the liquor tobe sup- 
pIied to the.spraying devices. 
65 11. Appratus as specified in claim 10 includ- 
ing  crysta] classifier having an in]et connected. 
t0 .sid discharge pipe line and having an 0utlet 
connected to .and passing liquor and crystals t0 
a least one of said spray devices, and having a 
70 second ourlet or the discharge of crystals not 
passed to any of said spraying devices. 
12. By-product coke oven apparatus for the 
production,of ammonium sulphate clstals, com- 
pri$1ng stuctur enclosing a scrubbing chamber 
5 hav!ng a ga Inlet adjacent its .lower end and a 
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gas ourlet adjacent its upper end and a liquor Out- 
let below the level of gas in]et, spray devices ar- 
ranged in said chamber at different levels, a. crys 
tallizer cornprising a liquor container ahd a pipe 
bent. to forma liquor seal and. having one end 
portion connected te the lower end of said chamL 
ber to receive liquor therefrom and having its sec- 
ond end portion abovesaid container and ar- 
ranged to discharge liquor into the .. latter and 
having an intermediate portion in the -form  of' a 
depending loop, a first pump having an.inlet con- 
nected to said liquor container for withdrawing 
liquor therefrom and having a discharge pipe.line 
connected fo and discharging through one.of.said 
spray devices, a second pump having an inlet con- 
nected to said liquid container for withdrawkrg 
liquor therefrom ata level different from fliat St 
which the in]et of the first pump is connected to 
said container, and having a discharge Pipe lïn'e 
cormected to and discharging through anothër Of 
said spraying devices ai a level different from the 
level of the spraying device through which the 
first pump discharges, a separator deviëfor sepa- 
rating crystals from liquor, and a pipe conne,ring. 
the discharge pipe line of one of said pumps to 
said separator for passing liquor and crystals into 
the latter. " " " 
13.. In a coke oven by=product plant including 
apparatus for producing amrnon]um sulphate 
crystals by scrubbing coke oven gas contain]ng 
ammonia with-an acidified ammonium suiphate 
solution, the cornbination with structure formed 
with a crystallizing space and a substantially un= 
obstructed scrubbing chamber, the latter'.tiaving 
a lower liquor and crystal ourlet arrangedto dis 
charge into said space, and having a gas inletand 
a gas ourlet each spaced away from the other and 
from said liquor and crystal ourlet, nozzle means 
cornprising first and second non=blocking spray 
nozzles mounted in said structure and arranged 
to discharge a liquor spray and crystals into pot= 
tions of said chamber respectively adjacent and 
remote from said gas inlet, conduit means con= 
nected to said structure and cornmunïcating with 
said chamber for passing coke oven gas through 
said gas in]et and for withdrawing gas fròm sa.id 
chamber through said gas autlet,-means con= 
nected to said structurefor Withdrawing satu- 
rated amrnon]um sulphate liquor and.crystals 
from .said crystallizing space and spraying-said 
liquor and crystals into said chamber cornprising 
one purnp having an in]et conduit connected to 
said crystallizing space atone level and an 0titlet 
conduit cormected to said second nozzle, and coin= 
prising a second pump having an in]et connected 
to said crystallizing space for withdrawing liqu0r 
therefrom ata level lower than the first men- 
tioned level and having a discharge pipe line con- 
nected fo and discharTing throuTh said first n0z- 
zle, a separator device for separatinT crystals 
from liquor, and a pipe connectinT said discharTe 
pipe line to said separator for passinT crystals and 
liquor into the latter, and means for. addinT 
make-up sulphuric acid to the liquor passinT from 
said crystallizinT space to said nozzle means. 
14. In a coke oven by-product plant includinT 
apparatus for producinT ammonium suiphate 
.crystals by scrubbinT coke oven Tas eontaininT 
ammonia with an acidified amrnon]um sulphate 
solution, the combination with structure formed 
with a crystallizing space and a substantially un- 
obstructed scrubbinT space, and including wall 
structur« surrotming said crysallizing space and 
said scrubbing space, non-blocking spray nozzles 
mounted in said structure, said scrubbing space 
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havinT a lower liquor and crystal ourlet arranged 
to discharTe into said crystallizir/T- space, and 
havinT a Tas in]et and a Tas ourlet each spaced 
away from said nozzles, each of said nozzles be= 
5 inT am'anTed to discharTe a liquor spray and crys= 
tals into an adjacent portion of said scrubbing 
<space, said nozzles beinT arranTed to disperse said 
spray over substantially the whole cross sectional 
area of said scrubbinT space, Tas conduit means 
1 connected to said structure and communicating 
with said-.scrubbinT space for passing coke oven 
-Tas into said scrubbinT space throuTh said Tas 
in]et and for withdrawinT Tas from said scrub= 
binT space throuTh said Tas ourlet, means con= 
15 nected to. said structure for withdrawing satu= 
rated amrnonium sulphate liquor and crystals 
from said.crystallizinT space and sprayinT said 
liquor and crystals into said scrubbing space and 
 comprisinT pumpinT means havinT in]et conduit 
20 means cormected to said crystallizing space for 
the withdrawal of liquor and crystals therefrom, 
and havinT ourlet conduit means for discharTing 
liquor and crystals withdrawn fr0m the crystal= 
lizinT space and includinT a separate conduit con= 
25 ne,tion to each such nozzle, and.means for add= 
inT make=up sulphuric acid to the liquor passing 
from said crystallizinT space to said nozzle means, 
ata rate so related to the rate a which the gas 
containinT ammonia is passed into said scrubbing 
30 space that substantially all of the ammonia in the 
Tas reacts with the sulphuric acid to form am= 
mon]um sulphate liquor and crystals, whereby 
substantially all of the amrnonium sulphate 
liquor sprayed into said scrubbinT space is liquor 
35 .whic.h has been previously withdrawn from said 
scrubbinT space. 
15. Apparatus as specifled in claire 14, in which 
said Tas conduit means includes a Tas supply pipe 
havinT a horizontal discharTe end portion for 
40 passinT a stream oï coke oven Tas horizontally 
through said Tas in]et and throuTh a portion of 
said scrubbinT space adjacent to said Tas in]et 
and in which a portion oï the liquor spray dis- 
charTed by said spray nozzles is passed into said 
 scrubbinT space portion adjacent said Tas in]et. 
16. Appratus as specifled in claire 14» includ- 
inT a pipe connected to said in]et conduit, means 
ïor connectinT the latter to a source of cleaning 
fiuid, and a valve in said pipe, whereby when said 
.;0 valve is open, cleaninT fiuid is sprayed into said 
scrubbinT space through said non-blocking noz« 
zles. 
 17. Apparatus as specified in ,la.ira 14, in which 
said structure includes .a vertical tubuiar shell 
.» 'formed of acid resistinT, metal plate material and 
constitutinT a wa]l surroundinT said scrubbing 
Space, and heatinT means external to said wall for 
passinT heat into the outer side of said wall, 
whereby ]iquor spray discharTed by said spray 
») nozzles and supersaturated by contact with the 
amrnon]a containinT coke oven Tas and impinging 
against and forminT a liquid film on the inner 
-side of said wall, has ifs saturation point lowered, 
and salt incrustation on the inner side of the wall 
5 thereby prevented, by the heat passed into the 
wall bysaid heatinT means. 
18. Apparatus as specifled in claim 14, in which 
the structure forminT the crystallizinT space in- 
cludes a vertically disposed, open ended pipe hav- 
ï inT its upper end open to receive ammonium sui- 
phare liquor and crystals passing downward 
throuTh said scrubbing space, and a receptacle of 
a latter horizontal cross section than said pipe 
and into which said pipe depends and which co- 
7. 5 operates with said pipe to forma crysta]llzer 
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space external to said pipe and receiving ]iquor 
adjacent its lower end through the open lower end 
of said pipe, iïrst and second conduit connections 
to said receptacle af respectively low and high 
levels, said iïrst conduit connection forming a 
portion of said pumping means through which the 
latter passes liquor and crystals to said separator, 
and said second conduit connection forming a 
portion of said pumping means through which 
the latter passes!iquor and entrained crystals fo 
said spray nozzles, a second receptacle, and an 
overlïow connection through which liquor in the 
flrst mentioned receptacle above said relatively 
high level overlïows into said second receptacle. 
19. In a crystallizing and reaction tank system 
for producing crystals of (NH4),SO by reaction 
of ammonia containing tas with HSO4 solution, 
tank apparatus omprising a reaction tank sec- 
tion and a crystallizing tank section, said 
reaction tank section having an inlet for 
a conduit for passing the ammonia containing 
tas into an inlet portion of said reaction tank 
section, a spray nozzle with iïuid rotating passage 
walls located adjacent said inlet so as to im- 
mediately contact the entering gaz with spray re- 
action with the ammonia containing gaz, a plu- 
rality of spray nozzles with iïuid rotating pas- 
sage walls located in an unobstructed portion of 
said reaction section, displaced from said inlet 
section, and arranged to cover the cross sectional 
area of said unobstructed portion with spray, and 
an ourlet conduit for gaz in said unobstructed 
portion, said crystallizing tank section being ar- 
ranged to receive solution and crystals moving 
down from the bottom of said reaction tank sec- 
tion to said crystallizing tank section, a suspen- 
sion conveying system including said crystallizing 
tank section, pumping means for conveying a 

26 
suspension of crystals from a portion of said crys- 
tallizing tank section containing relatively large 
crystals fo a crystal separating device, and con- 
duit means connected to a portion of said convey- 
5 ing system which follows said portion containing 
relatively large crystals and which includes con- 
duits through which suspensions of crystals are 
passed to the spray nozzles in the unobstructed 
portion of said reaction section and inlet means 
10 for the addition of fresh acid to said suspension 
conveying system. 
CARL OTTO. 
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